INTRODUCTION {#s1}
============

Physical activity is increasingly considered important for patients with chronic respiratory disease (CRD) given the beneficial effect of regular physical activity on the prognosis of CRD[@r1]^)^. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommends physical activity for all patients with chronic obstructive lung disease (COPD)[@r2]^)^, and improving the level of physical activity is a key goal in the management of COPD[@r3]^)^. Importance of physical activity has also been reported for patients with interstitial pneumonia[@r4], [@r5]^)^.

Guidelines generally recommend that rehabilitation programs be implemented two or three times per week[@r6]^)^. However, it is common for elderly outpatients in Japan to undergo less frequent pulmonary rehabilitation[@r7], [@r8]^)^ because they cannot attend hospital by themselves. Self-management is an important part of any formalized patient education program that aims to teach the skills needed to implement disease-specific regimens and guide health behavior changes so that patients can control their disease and improve well-being[@r9], [@r10]^)^. Many self-management programs include specific education and encouragement of behavioral change[@r10]^)^ so that patients can manage their diseases more effectively at home.

However, teaching self-management skills alone is not enough to change behavior and patients need to integrate these skills into daily life[@r9]^)^. As these skills are successfully utilized in various situations, the patient develops a sense of self-efficacy, which is the confidence an individual gains in relation to specific actions and his or her ability to perform these actions[@r11]^)^. Self-efficacy plays an important part in determining which activities or situations an individual will perform or avoid[@r9]^)^, and an international statement has recommended enhancement of self-efficacy as part of pulmonary rehabilitation[@r1]^)^.

COPD patients are typically advised to walk more for exercise, but advice alone has a limited impact on sedentary behavior[@r12]^)^. Behavior change is most likely to occur when individuals are motivated to change[@r13]^)^. Motivation has been classified into two main categories, which are intrinsic or extrinsic[@r14]^)^. Previous studies have suggested that interventions should target enhancement of intrinsic motivation to change behavior and encourage patients to engage in self-management[@r13],[@r14],[@r15]^)^, and self-monitoring is a method of enhancing intrinsic motivation. Physical activity can be assessed by various methods, including questionnaires, step counters (pedometers), activity monitors (accelerometers), and doubly-labelled water[@r16]^)^. Programs based on use of pedometers or accelerometers for self-monitoring of physical activity are reported to be effective for increasing physical function and physical activity, as well as for enhancing the quality of life (QOL)[@r12], [@r17],[@r18],[@r19],[@r20]^)^. In previous studies, subjects were instructed to achieve a target number of steps or encouraged to increase their physical activity (extrinsic motivation), and the effects of self-management without external encouragement (intrinsic motivation) have not been clarified in patients with CRD. To clarify the effect of enhancing intrinsic motivation is beneficial for elderly CRD patients who cannot attend hospital by themselves, because they can maintain and increase physical activity without undergoing frequent rehabilitation at hospital.

Accordingly, this study was performed to evaluate the effects of a self-managed physical activity program using a pedometer and diary on physical function, activities of daily living (ADL), and QOL in CRD patients.

SUBJECTS AND METHODS {#s2}
====================

This study was approved by the Institutional Review Board of Jobu Hospital for Respiratory Diseases (Gunma, Japan) (approval no. 20130828), and written informed consent was obtained from all of the subjects. Patients with CRD were eligible for enrolment if they regularly attended Jobu Hospital for Respiratory Diseases, but were excluded if they had severe heart disease, other medical conditions, orthopedic diseases, or were judged to be inappropriate for this study by the treating physician. CRD in this study was defined as diseases with chronic exertional dyspnea and obstructive, restrictive, or combined (obstructive and restrictive) pulmonary dysfunction. Patients with acute diseases, malignancy, asthma, agraphia, or dementia were also excluded. All study visits were conducted at Jobu Hospital for Respiratory Diseases. Following baseline assessment at enrolment, patients were re-assessed after 3 and 6 months. Patients who consented to participate in the study were randomly assigned to one of two groups ("Control" group or "Diary" group) by a stratified randomization sequence that was generated using Excel before enrolment commenced. Patients assigned to the Diary group received an Omron HJ-205IT pedometer (Omron, Tokyo, Japan) and instructions on how to use it. They recorded the number of steps and performed self-evaluation of the level of physical activity in a diary provided for the study. The Omron HJ-205IT pedometer displays the cumulative daily step count and also stores the step counts for the previous 7 days. Daily physical activity was self-evaluated by 10 points scoring: 0 point (did not move) to 10 points (moved very much). Patients assigned to the Control group did not use a pedometer or keep a diary, but only were requested to participate in assessment after 3 months and 6 months. Patients in both groups were not given a target number of steps or a target level of physical activity.

At the baseline, after 3 months, and after 6 months, patients were assessed for dyspnea, muscle strength, exercise tolerance, ADL, and QOL. Dyspnea was assessed by using the modified Medical Research Council dyspnea scale[@r21]^)^. To investigate muscle strength, isometric knee extension strength was measured with a hand-held dynamometer (µ-tas F-1; Anima, Tokyo, Japan) and leg strength was assessed by the 30-second chair stand test (CS-30)[@r22]^)^. Exercise tolerance was measured by the 6-minute walking test[@r23]^)^. ADL was assessed by the Nagasaki University Respiratory ADL questionnaire (NRADL)[@r24]^)^, while QOL was investigated by the St. George's Respiratory Questionnaire (SGRQ)[@r25]^)^ and the COPD Assessment Test (CAT)[@r26]^)^.

Results were expressed as the mean ± standard deviation (mean ± SD). Baseline values were compared between the two groups by using the independent t-test or the Mann-Whitney U-test for parametric and nonparametric data, respectively. Student's paired t-test or the Wilcoxon signed rank test was respectively employed to compare differences of parametric or nonparametric data between baseline and after 3 or 6 months of intervention in each group. In addition, changes of variables after 3 and 6 months were compared between the two groups with the independent t-test or Mann-Whitney U-test for parametric and nonparametric data, respectively. Daily step counts were collected from the diaries and Dunnett's test was used to compare step counts among 0--2 months (the initial 2 months of the study), 2--4 months (middle 2 months), and 4--6 months (final 2 months). All analyses were performed using IBM SPSS Statistics software (version 21) and a p value \<0.05 was defined as indicating statistical significance.
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RESULTS {#s3}
=======

Thirty-three patients were recruited, among whom 25 completed 3 months of follow-up and 17 completed 6 months of follow-up. Sixteen patients dropped out due to progression of the underlying disease as judged by the treating physician (n=8), hospitalization (n=2), or lack of motivation/personal reasons (n=6). In addition, two patients in the Diary group did not complete the study diary correctly and were excluded from analysis ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Study design). The baseline characteristics of the Diary group and the Control group showed no significant differences ([Table 1](#tbl_001){ref-type="table"}Table 1.Comparison of dyspnea, physical function, ADL and QOL over time in the each groupDiary groupControl groupBaseline\
(n=15)3 months\
(n=12)6 months\
(n=8)Baseline\
(n=18)3 months\
(n=11)6 months\
(n=7)Age (years)73.0 ± 6.671.9 ± 5.873.4 ± 6.071.8 ± 7.572.6 ± 6.972.1 ± 6.6Diagnosis (COPD/IPF)12/39/36/214/48/35/2Gender (Male/Female)11/49/36/213/58/36/1Height (cm)158.3 ± 10.3158.3 ± 9.5156.4 ± 11.2161.2 ± 9.6164.0 ± 10.7166.5 ± 6.8Weight (kg)59.5 ± 10.358.7 ± 8.255.5 ± 7.2\*57.8 ± 8.660.5 ± 7.362.4 ± 6.7Body Mass Index (kg/m²)23.6 ± 2.523.4 ± 2.022.6 ± 1.1\*22.3 ± 3.222.6 ± 2.622.7 ± 3.5mMRC1.9 ± 0.71.4 ± 1.0\*0.6 ± 0.5\*1.3 ± 1.01.5 ± 0.80.9 ± 0.7Knee extension strength (WBI)0.601 ± 0.1360.638 ± 0.1070.701 ± 0.1520.536 ± 0.2040.530 ± 0.1670.548 ± 0.2686MWD (m)451.1 ± 83.1503.5 ± 79.4\*\*510.8 ± 88.3448.1 ± 118.3460.7 ± 137.1469.4 ± 177.4CS-30 (time)14.3 ± 3.918.4 ± 3.4\*19.5 ± 4.4\*16.1 ± 4.815.4 ± 7.015.9 ± 8.6NRADL96.8 ± 3.897.4 ± 5.498.4 ± 3.895.5 ± 8.696.9 ± 6.298.3 ± 1.9SGRQ28.2 ± 18.523.0 ± 20.414.8 ± 17.021.2 ± 19.823.5 ± 20.420.0 ± 22.1CAT10.9 ± 7.110.3 ± 9.56.0 ± 7.810.0 ± 8.69.6 ± 7.38.4 ± 10.3Mean ± standard deviation is presented. \*p\<0.05 and \*\*p\<0.01 compared to baseline in each groups. IPF: idiopathic pulmonary fibrosis; mMRC: modified Medical Research Council dyspnea scale; WBI: weight bearing index; 6MWD: 6-minute walking distance; CS-30: 30-second chair stand test; NRADL: The Nagasaki University Respiratory ADL questionnaire; SGRQ: The St. George's Respiratory Questionnaire; CAT: The COPD Assessment Test).

Compared with baseline, the Diary group showed significant improvement of the mMRC, 6MWT, and number of standings in the CS-30 at 3 months. After 6 months, there were also significant changes of the body weight, BMI, mMRC, and CS-30 in the Diary group. In contrast, the Control group showed no significant improvement after 3 or 6 months. Moreover, there were significant differences between the Diary and Control groups with regard to the changes of the 6MWT, CS-30, and SGRQ after 3 months, as well as significant differences in the changes of body weight and BMI after 6 months ([Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of changes between the Diary and Control group3 months6 monthsDiary\
(n=12)Control\
(n=11)Diary\
(n=8)Control\
(n=7)ΔHeight (cm)0.1 ± 0.30.1 ± 0.30.0 ± 0.20.0 ± 0.0ΔWeight (kg)--0.7 ± 2.20.8 ± 1.4--3.1 ± 3.31.6 ± 1.9\*\*ΔBody Mass Index (kg/m²)--0.3 ± 0.90.3 ± 0.5--1.3 ± 1.50.6 ± 0.7\*\*ΔmMRC--0.4 ± 0.5--0.1 ± 0.5--1.0 ± 0.8--0.6 ± 1.0ΔKnee extension strength (WBI)0.030 ± 0.1090.012 ± 0.0760.079 ± 0.131--0.006 ± 0.148Δ6MWD (m)43.5 ± 46.11.1 ± 28.7\*37.0 ± 63.4--0.3 ± 26.7ΔCS-30 (time)3.7 ± 2.8--0.6 ± 2.9\*\*4.0 ± 3.7--1.1 ± 3.7ΔNRADL0.9 ± 2.81.6 ± 4.41.0 ± 3.10.1 ± 2.5ΔSGRQ--4.7 ± 11.34.6 ± 9.2\*--3.9 ± 9.7--0.7 ± 5.6ΔCAT--1.3 ± 4.51.7 ± 4.7--3.1 ± 4.3--0.1 ± 4.2Mean ± standard deviation is presented. \*p\<0.05 and \*\*p\<0.01. mMRC: modified Medical Research Council dyspnea scale; WBI: weight bearing index; 6MWD: 6 minute walking distance; CS-30: 30-second chair stand test; NRADL: The Nagasaki University Respiratory ADL questionnaire; SGRQ: The St. George's Respiratory Questionnaire; CAT: The COPD Assessment Test).

In the diary group, there was significant improvement of the daily step count over time compared with the initial 2 months according to Dunnett's test ([Table 3](#tbl_003){ref-type="table"}Table 3.Daily number of steps in the Diary group0--2 months\
(Initial 2 months)3--4 months\
(Middle 2 months)5--6 months\
(Final 2 months)Daily step counts (steps/day)8,222.0 ± 4,155.18,870.7 ± 4,271.6\*\*9,151.8 ±5,179.8\*\*Mean ± standard deviation is presented. \*\*p\<0.01 compared to the initial 2 months.). Patients in this group walked 8,220.0 ± 4,155.1 steps per day during the initial 2 months of the study versus 8,870.7 ± 4,271.6 steps per day in the middle 2 months (p\<0.01) and 9,151.8 ± 5,179.8 steps per day in the final 2 months (p\<0.01).

DISCUSSION {#s4}
==========

The findings of the present study suggest that a self-managed physical activity program using a pedometer and diary can increase physical activity, at least with regard to the daily walking steps. To effect changes of behavior in daily life, patients need feedback on their behavioral performance[@r9]^)^. In the present study, a diary was used for self-evaluation of physical activity and this feedback may have enhanced the self-efficacy and intrinsic motivation of patients in the Diary group.

The Diary group demonstrated significant improvement of the mMRC, 6MWT, and CS-30 test after 3 months of intervention, as well as significant improvement of mMRC and CS-30 after 6 months. The 6MWT improved by 52.4 m, which corresponded to the minimum clinically important difference[@r27],[@r28],[@r29],[@r30],[@r31],[@r32]^)^. These findings suggest that increasing the level of physical activity by walking further on a daily basis improved exercise tolerance, as indicated by better performance in the 6MWT. The CS-30 test measures leg strength at a submaximal number of repetitions and is considered to reflect performance during daily physical activity which is also not performed at maximum strength. It seems likely that a higher level of physical activity, including more repetitions of standing up to walk, may have improved leg muscle strength (as shown by the CS-30) in the present study. The decrease of the mMRC score showed improvement of dyspnea on exertion in the Diary group. Exertional dyspnea is related to poor exercise tolerance and low muscle strength, so improvement of these factors may have led to improvement of mMRC in the Diary group.

We found significant differences between the Diary and Control groups with regard to the changes of the 6MWT, CS-30, and SGRQ after 3 months. Improvement of the 6MWT and CS-30 were related to improvement of physical activity, as mentioned above, while the significant change of the SGRQ score showed that our pedometer program was also effective for improving QOL. While we did not find any significant differences of dyspnea, muscle strength, exercise tolerance, ADL, or QOL between the two groups after 6 months, this may well have been related to the small number of patients that remained in the study at that time. The subjects were elderly, and 10 patients (30.3%) dropped out due to hospitalization or progression of their underlying disease. Our findings with regard to physical activity and physical function differ somewhat from the results of several previous studies. Tödt et al.[@r33]^)^ found no relationship between the level of physical activity and depression, anxiety, body composition, exacerbation, or systemic inflammation. Eagan et al.[@r34]^)^ reported that 7 weeks of pulmonary rehabilitation led to significant reduction of total energy expenditure and breathlessness, along with improvement of exercise capacity, PiMax, and QOL, but no significant change in the daily average number of steps, duration of sedentary activity, METs consumed, or daily level of physical activity. Benzo et al.[@r35]^)^ stated that hospitalization was predicted by the weekly level of physical activity, although there were only weak correlations between the 6MWT, maximum workload test using a bicycle ergometer, and physical activity, while neither the 6MWT nor maximum workload test predicted hospitalization. Our self-managed physical activity program did not lead to changes of physical function parameters at 6 months, but the increase of physical activity may still have been sufficient to prevent hospitalization and improve the prognosis of the subjects.

A variety of devices are available to measure physical activity. While the subjects of this study were elderly, they could use a pedometer correctly after receiving instructions. Activity monitors are more technologically advanced than pedometers and provide comprehensive data, but are more expensive[@r36]^)^, while smartphones also have a higher cost and are unfamiliar technology for most elderly persons[@r37]^)^. Therefore, we selected the "Omron HJ-205IT" pedometer because it is simple to use and the data are easy to view. Our present findings suggest that a pedometer can be an effective device for self-monitoring of activity levels by patients.

In a previous long-term study (5--8 years of follow-up)[@r38]^)^, COPD patients with lower levels of physical activity had a shorter survival. In a 4 year cohort study of COPD patients, physical activity was the best predictor of mortality among a broad range of variables related to lung function and functional exercise capacity[@r39]^)^. These reports suggest that increasing physical activity through self-management of exercise using a pedometer and diary may be able to improve the prognosis of COPD patients. Although the Diary group only received a single intervention at the beginning of our study, their level of physical activity increased, suggesting that self-management programs can be effective for improving the prognosis of elderly COPD patients who cannot attend hospital frequently.

Our study had some limitations. First, the sample size was small, which is a potential source of bias. Second, the Control group did not record the daily number of steps, so we could not compare physical activity between the two groups. Another limitation was the relatively short intervention period. Previous studies have monitored the prognosis over 4 years or more[@r38], [@r39]^)^, so a longer follow-up period may have been needed to demonstrate improvement of the prognosis with our intervention.

In elderly CRD patients, a self-managed physical activity program using a pedometer and diary increased the level of physical activity and improved QOL. In conclusion, a pedometer is a simple device that patients can use for effective self-monitoring of their level of activity. This study suggesting that self-management program focused on internal motivation can be effective for improving elderly CRD patients who cannot attend rehabilitation at hospital frequently.
